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Abstract 
The aim of this study is to explore how the household spends the money for transportation as well as how life stages and related 
household attributes contributed to transportation fee expenditures in Jakarta Metropolitan Area. The substantial characteristics of 
household attributes among life stage categories are taken into consideration. The analysis was performed using Stochastic 
Frontier Model, and the concept of production frontier is adopted to estimate transportation expenditure frontier (TEF). TEFs are 
treated as unobserved production frontier that influences the actual transportation fee expenditure observed in transportation 
survey. By utilizing data sets provided by Study on Integrated Transportation Master Plan (SITRAMP, 2004) in Jakarta, 
households which include person who commute to the target area were extracted. TEFs were estimated for each household life 
stage category in order to investigate the different constraints of them. From the comparison analysis of TEFs, it was shown that 
considerable differences in average of TEFs among them in particular larger amount of TEFs is found for single-person and 
families only with adults. These results mean that the TEF is influenced by household attributes and life environments. 
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1. Introduction 
In fact, as most of metropolitan area is suffering from urbanization, Jakarta underwent substantial changes in the 
recent decades. With the darting of economic growth lead to rapid urbanization, metropolitan areas expanded 
outwards with the suburb absorbing much of the influx population. Jakarta probably the largest metropolitan area in 
South Asia region, as known as Jakarta Metropolitan Area (hereafter the “JMA”), is the capital region of Indonesia. 
The JMA has the largest population and economy of the nation. According to Bureau of Statistic (BPS, 2010) the 
gross regional domestic product (GDRP) is estimated approximately at US$ 118.7 billion or equal to 19 percent of 
the gross domestic product (GDP). Furthermore, the population of the JMA has 10% of population of the nation. 
The population of the region has increased 1.6 times in 20 years; from 17 million in 1990 to 28 million in 2010 
(JUTPI, 2012).  
Along with development of motorization, promising economic growth and aftermath of rapid urbanization, 
people’s lifestyles are more and more spending time on the journeys. Spending more time on travelling has 
significant effect on consuming travel cost for their routine travels. It is ongoing debate that the changes of society, 
technology, incomes, attitudes, social demographic, and household structure have been hypothesized having 
significant influence on travel time expenditure. Prior studies for instances Predergast et al. (1981), Gunn (1981), 
and Toole-holt et al. (2005) explored travel time consumed by person per day, per year and different ages of people. 
They noted that middle ages (between 21 and 64) spent more time on travelling than those who are earlier or above 
retirement ages. Yet, compared to travel time expenditure, transportation fee expenditure is much less discussed in 
the literatures. In fact, transportation cost has significant influence on how household spends the money for their 
transportation. Almost all past works have been done to examine travel expenditure based on aggregate studies. The 
descriptive analysis and simple linear regression are often used to verify the stability of travel expenditures. 
Additionally, Zahavi et al. (1980) indicated that an average car owning household spends about 10-11% of its 
income on their travel. While, an average non car owning household spent about 3-5% of their income on travel. 
They found that travel expenditure rise with increasing motorization. Gunn (1981) investigated the percentage of 
expenditure spent on the transportation among different time of the year constraints. Transportation expenditure 
tended to be higher in the second and third quarter of the year compared to those in first and four quarters. Moreover, 
Tanner (1980) stated that generalized travel expenditure per person has increased over the years, and appreciably 
faster than their real income. Perhaps more recently, Moktarian and Chen (2004) studied on travel time and travel 
money based on aggregate levels. They concluded that individual travel time expenditures is strongly related to 
individual and household characteristics, attribute of activities and destinations, or even the characteristics of 
residential areas. Coincidence to the concept of Moktarian and Chen (2004), Banarjee et al. (2006) used the 
household attributes to explore the travel time expenditure by utilizing national household travel survey in United 
States, India and Switzerland. They found that comparison of average travel time frontier across the international 
contexts showed quite differences values. 
In sum, household attributes are being recognised to have significant influences to the characteristics and 
behaviour of travellers in particular related to the travel expenditure. Therefore, this study intends to clarify how the 
household spend the money for transportation as well as how life stages and related potential attributes contributed 
to transportation expenditures. The substantial characteristics of household attributes among life stage categories are 
taken into consideration. The analysis was performed using Stochastic Frontier Model, and the concept of 
production frontier is adopted to estimate transportation expenditure frontier. The remainder of this paper is 
organized into several sections that serially depict the model development, data sets, aggregation and profiles, 
modelling result, discussion and conclusions.  
2. Model Development 
Stochastic frontier models (SFMs) were originally introduced by Aigner et al. (1977) thence SFMs have become 
a popular in the econometrics field. In its original of SFMs can fit stochastic production or cost frontier models. In 
this study, the concept of a production frontier is adopted and so-called transportation expenditure frontier (TEF). 
TEF represents of the maximum amount of money which is an individual willing to allocate in a month for their 
transportations. By considering unobserved transportation expenditure is always greater than or equal to the 
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observed transport expenditure. A modeling approach, therefore, is adopted in this work to estimate unobserved 
transportation expenditure based on inequality and non-negative terms. Owing to the highly skewed nature of the 
transportation expenditure distribution and to ensure positive predictions, a log transformation of the dependent 
variable is used (Banarjee et al., 2007).  
 
ܮ݁ݐܶ݅ ൌ ݈݊ሺݐ݅ሻ ǡܽ݊݀ܶ݅ ൌ ߬݅ െ ݑ݅   (1) 
  
Where i denotes the observation, ti is observed transportation expenditure and ui is random component that takes 
non-negative values. Moreover, Wi represents an unobserved frontier for Ti, and it is always greater than or equal to 
Ti. Then, the production function of SFM (Aigner et al., 1997) can be written: 
 
߬݅ ൌ ߚԢ ݅ܺ ൅ ݒ݅   (2) 
Then, 
ܶ݅ ൌ ߚԢ ݅ܺ ൅ ߝ݅ ൌߚԢ ݅ܺ ൅ ݒ݅ െ ݑ݅   (3) 
  
Where E’ is a coefficient vector of independent variables, Xi is a vector of explanatory variables, vi is a random error 
term such that -f<vi<f. The random variables of vi is typically assumed to be independently and identically 
distributed as N(0,Vv2), while, a half normal or truncated-normal distribution is frequently used for the error 
component of ui. Assuming a half normal distribution for ui and a normal distribution for vi, then, the distribution of Hi drawn as: 
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(4)   
 
 
Where V2 = var (vi+ui) = Vv2+Vu2, where Vv and Vu are mutually independence; O = Vv/Vu, vi a N(0,Vv2), and the 
density function of ui is: 
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with,  
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The log likelihood function (LL) for the sample of observation, then, given by: 
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(7) 
The parameters of E, V, and O are estimable by using Eq. (7). The estimation of parameters in this study was 
performed by using econometric software Limited Dependent Variable Model (LIMDEP). By returning back ln(ti) 
to the basic form of SFM of Ti in Eq. (3) can be obtained expected value of transportation expenditure frontier 
E(TEF) as:  
 
 ܧሺܶܧ݅ܨ ሻ ൌ ܧሼሺ݁ݔ݌ሺߚԢ ݅ܺ ሻ ݁ݔ݌ሺݒ݅ሻሽ   
 
(8) 
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Because of via N(0,Vv2), exp (vi) is distributed log-normal, it is, therefore E(exp(vi)) = exp (Vv2/2) (Greene,  (2002)). 
The model specification derived above is applied for examining the relationship between dependent variable 
transportation expenditure and household’s related socio-demographic characteristics. Detail application on the 
estimation of TEF models for each household life stage will be described in the model application and result in the 
section 4. 
3. Data Sets, Aggregation and Profiles 
3.1. Data Sets 
The Study on Integrated Transportation Master Plan (SITRAMP, 2004) project was conducted by Japan 
International Cooperation Agency (JICA). It provides detailed transportation survey both Household Transportation 
Survey (HTS) and Activity Dairy Survey (ADS), and utilizes this for a long run comprehensive transportation 
master plan in JMA. The surveys were carried out in 2002 to obtain large scale of data on socio-economic indicators, 
daily activity transportation patterns, time of the day movements, mode and destination choices. A random sampling 
method was adopted in HTS survey rather than a stratified sampling method. The survey was based on home 
interview method recorded by a questionnaire. The questionnaires include household information such as socio-
economic background including residential address, income, expenditure, household member, vehicle ownership etc. 
The survey provides detail householder information, such as age, gender, occupation, working field, work/other 
activities address etc. Moreover, this survey also covers the characteristic of trip made by household member on 
weekday including origin and destination zone, departure and arrival times, transportation purpose, mode choice, etc. 
The data sets provide the most comprehensive transportation data in the region, and cover as many as 166,000 
households with providing daily transportation patterns on a weekday and detailed information on household socio-
demographic characteristics. The large data sets obtained for this study provide a unique opportunity to conduct this 
research. Among 166,000 households 55,833 (33.6%) are aggregated and used for modeling transportation 
expenditure frontier in JMA.  
3.2. Data aggregation and profiles  
Data set used in this study, is organized as follows: (1) Extracting households which include person who 
commute to target CBD area (road pricing zone, see Fig.1); (2) Households are aggregated into several life stage 
categories; and (3) Potential household related attributes are incorporating as explanatory variables of the TEF 
models.  
Transportation Demand Management (TDM) policy is the most promising scheme to reduce autos and 
motorcycles dependence in inner city of JMA. Road pricing scheme is plan to be implemented by Jakarta’s 
government in latest year of 2014. It is upgrading to the existing policy so called 3 in 1 (HOV) policy which is 
recently operating in the CBDs area. According to the long-run comprehensive transportation master plan of JMA 
(SITRAMP, 2004) the area of existing HOVs scheme will be replaced by road pricing policy due to insufficient in 
alleviating traffic congestion. However, the road pricing policy will impose monetary expenditure on commuters to 
CBD area. It is presumably that low income commuters are saving the transportation expenditure attributable to 
their income constraints. Therefore, it is good thought to investigate the influence of road pricing scheme on the 
money spending in the target area of this study. Regarding the segmentation of life stage, it referred to the works of 
Zimmerman (1982) and Sun (2009) with minor modification from their approaches. Life stages were classified into 
six groups: (1) Single-person household; (2) Childless-couple household; (3) Families with pre-school children; (4) 
Families with young school children; (5) Families with college/university children; and (6) Families only with adults.  
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Fig. 2 shows the household life stage distributions in the Jakarta data sets. From the figure, it can be seen that 
families only with adults substantially dominating the households distribution in JMA particularly for commuter 
population only. Furthermore, families with young school children also contribute nearly one fourth of the society. 
The smallest portion goes back to the earliest household: single, childless-couple, and families with pre-school 
children. It is seemingly that earliest households deficient in commuting to the city center because of certain 
prevailing conditions for instances part-time worker, unemployed, saving expenditure for transport and so forth. 
Overall, it implies that CBD commuters are predominated by adult and older society. As major current focus, 
household life stages segmentation is to evaluate transportation fee’s share corresponding to householder’s socio-
economic attributes. Therefore, as model structure, dependent variable is the actual amount of money spent for 
transportation in a household. Householder’s attributes are chosen as independence variables which are 
householder’s income, housing type, number of household member, number of vehicle and motorcycle owned, 
social status, education background, occupation, and origin-destination (O-D) distance for commuting to CBD area. 
O-D distance was calculated based on travel time spent by target commuters with corresponding to their O-D pairs. 
By assuming target commuters use certain representative of transport modes through the trips, then default average 
speed is defined. Eventually, O-D distance is calculated by utilizing travel time multiplying with default speed.  
Fig. 3 are disclosed that each of household life stages has different characteristics on both income and 
transportation fee’s share. According to Fig. 3(b), group 1 spends less money for transportation fee because about 
83% of group 1 spend less than 20% of income. Meanwhile only 65% group 6 spend less than 20% of income. It is 
approximately less than 25% of the earlier households (single-person, childless-couple, and families with pre-school 
children) population share their income above 20% for their transportation expenditure. Furthermore, if briefly look 
to the income, household income for earlier household life stages also shows relatively lower income compared to 
the others. It is allegedly that there is a weak linear correlation between household income and transportation fee 
share. Likely, the trend of household’s income for each life stages brings significant impact on transportation fee’s 
share. Notably, as household’s income increases presumably escalating their transport fee share. It proved that high 
  (a) 
 
 
 
 
 
 
 
 
 
 
 
 
  (b) 
Fig. 1. Target CBDs area: (a) existing 3in1 (HOV); (b)  road pricing zone  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Ratio of household life stages 
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income households tend to allocate extra money for their transportation. However, it should be noted as well that 
some higher income households cannot expend their share income for transportation because of other external 
factors such as time limitation. 
4. Modeling Result 
The estimation of TEF models are conducted for each life stage according to model specification which is 
derived in section 2. Table 2 presents the estimation results for the earliest households, there are single-person 
household, childless-couple household, and families with pre-school children and the remained life stages are shown 
in Table 3. In the model, transportation expenditure is treated as dependent variable, and the unit is in USD. Nine 
explanatory variables incorporating in the model estimation; household income (USD), number of household 
member (person), housing type of permanent housing (dummy variable), car ownership (dummy variable), 
motorcycle ownership (dummy variable), social status of householder (student dummy and retired/jobless dummy), 
householders education background (dummy variable that takes one if householder has tertiary education level, 
otherwise 0), householder’s occupation (professional occupation dummy and self-employed dummy) and O-D 
distance from their housing to CBD (km). 
Table 1 provides householder’s characteristics for six group life stages data sets as prior described in the Fig. 2. 
On average income inter household life stage is approximately 192 USD/month, and 70% to 80% of households 
have housing type of permanent housing. Group 1, 2 and 3 life stages considerably have small household size (1 to 3 
members) compare with other life stages. In addition, it is found that the vehicle ownership in Jakarta is essentially 
lower with mean 0.26, 0.44 per household for vehicle and motorcycle ownerships respectively. In fact, Jakarta is 
suffering from rapid motorization in recent years, it is somehow straight forward considering the ratio of vehicle 
ownership obtained from the data sets. With respect to education background, data shows that 70% to 80% of 
householder’s are less having tertiary education level of education only few of them well educated up to tertiary 
educations. Moreover, approximately 20% to 40% of data sets were working as a professional occupation, measly of 
them are working as a self-employed. It appears that Jakarta data sets are dominated by moderate income 
households.  
Table 2 and Table 3 show the estimation result of TEF models. In the tables, N/A represents the variable whose t-
statistics are grossly small. Table 2 represents three earliest household life stages, it is implicated that car ownership 
has negative impact on TEFs for all life stages except families with pre-school children. A possible reason is that car 
ownership does not mean household disbursements in Jakarta. That is, the other transportation modes may impose 
daily transportation expenditure rather than car usage. Retired and jobless social status has negative impact for many 
life stages. It seems that less income or activities for retired or jobless tends to limit their transportation expenditure. 
Whereas, income and professional occupation have positive sign and effect on the TEFs. This is quite consistent 
with expectations as a household with high income and/or high position have many activities.  
Table 3 shows the estimation results for three later household life stages. Those income, motorcycle, and 
professional occupation are associated to have positive relationship with TEFs. The larger numbers of household 
members are impacting on amount of money for transportation expenditures in family with school children and 
college/university children. It is reasonable that the more member within a household the more activities are 
 (a)  (b) 
Fig. 3. Household life stages distributions: (a) incomes; (b) transport fee’s share 
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attracted by them, and consequently the more additional money spending on their transportations. It is should be 
noted that to some extent higher TEFs exist for householders who have a professional occupation. One possible 
insight is that due to greater awareness on activity opportunities or engages in activities by them. Looking to the O-
D distance, the longer distance obtained by commuting generate the more TEFs in across household life stages 
except for childless-couple household. It is well logically, as more people engage on their longer distance in 
transport, they need to spend more amount of the money spending for their travels. 
 
   Table 1. Data sets characteristic of householder’s attributes 
Characteristics 
Household life stages1 
Group 1 
Mean 
 (Std.Dev) 
Group 2 
Mean 
(Std.Dev) 
Group 3 
Mean 
(Std.Dev) 
Group 4 
Mean 
(Std.Dev) 
Group 5 
Mean 
(Std.Dev) 
Group 6 
Mean 
(Std.Dev) 
Sample Size 
Transp. Expenditure (USD) 
 
Income (USD) 
 
Permanent housing dummy2 
 
Household member (person) 
 
Vehicle ownership (unit) 
 
Motorcycle ownership (unit) 
 
Social status3: 
- Student dummy 
 
- Retired/Jobless dummy 
 
Tertiary education dummy4 
 
Householder’s occupation 
- Profes. occupation dummy 
 
- Self-employed dummy 
 
O-D distance (km) 
2,480 
30.770 
(40.948) 
147.133 
(112.922) 
0.671 
 (0.499) 
1  
(0) 
0.0851 
(0.279) 
0.496  
(0.500) 
 
0.221 
 (0.415) 
0.252  
(0.434) 
0.153  
(0.361) 
 
0.175  
(0.380) 
0.0577 
 (0.233) 
16.299 
(18.109) 
7,285 
34.618 
(42.275) 
133.650 
(127.651) 
0.725  
(0.446) 
2 
(0) 
0.218 
(0.413) 
0.294 
(0.456) 
 
0.347  
(0.476) 
0.176  
(0.381) 
0.180  
(0.384) 
 
0.158  
(0.365) 
0.0560 
 (0.229) 
16.518 
(18.811) 
1,694 
41.239 
(35.129) 
200.643 
(149.445) 
0.717  
(0.451) 
3.818 
(0.895) 
0.169 
(0.374) 
0.396 
(0.489) 
 
0.900  
(0.299) 
0.0997  
(0.299) 
0.314  
(0.464) 
 
0.316 
 (0.465) 
0 
 (0) 
11.507 
(15.986) 
13,500 
51.342 
(50.371) 
222.027 
(167.882) 
0.817  
(0.386) 
4.376 
(1.253) 
0.220 
(0.414) 
0.395 
(0.489) 
 
0.294 
 (0.455) 
0.0313 
 (0.174) 
0.259  
(0.438) 
 
0.393 
 (0.488) 
0.0748 
 (0.0861) 
11.523 
(15.544) 
8,489 
50.527 
(56.688) 
210.015 
(153.464) 
0.771  
(0.420) 
4.415 
(1.274) 
0.169 
(0.374) 
0.391 
(0.488) 
 
0.324  
(0.488) 
0.241  
(0.427) 
0.0934  
(0.291) 
 
0.132  
(0.338) 
0.0550  
(0.228) 
13.223 
(16.668) 
22,385 
56.802 
(54.246) 
236.976 
(174.687) 
0.834  
(0.373) 
3.509 
(1.124) 
0.222 
(0.415) 
0.398 
(0.489) 
 
0.00661  
(0.0810) 
0.243  
(0.429) 
0.257 
 (0.437) 
 
0.398  
(0.489) 
0.129  
(0.335) 
19.709 
(21.358) 
1life stages: 1. Single-person; 2.Childless-couple; 3. Families with pre-school children; 4. Families with young school children; 
5.Families with college/university children; 6.Family only with adults. 
2If housing type is permanent, the variable takes 1, otherwise 0. 
3Householder’s social status. 
4If householder’s education background is diploma, bachelor or master/doctor, the variable takes 1, otherwise 0. 
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Table 2. Transportation expenditure frontier model estimation 
Description of explanatory 
variables 
Single-person household Childless-couple household 
Family with pre-school 
children 
Coefficient t-value Coefficient t-value Coefficient t-value 
Constant 
Household income 
Number of HH member 
Permanent housing dummya  
Car ownership dummy 
MC ownership dummy 
Social statusb: 
Student dummy 
Retired/Jobless dummy 
Tertiary education dummyc 
Householder’s occupationd: 
Professional occupation dummy 
Self-employed dummy 
O-D distance (km) 
2.499 
0.00524 
N/A 
0.242 
-0.142 
0.255 
 
0.190 
0.152 
-0.0691 
 
0.289 
0.190 
-0.000893 
134.14 
71.91 
N/A 
14.72 
-5.19 
15.81 
 
9.67 
8.49 
-2.39 
 
11.41 
6.38 
-2.78 
2.529 
0.00217 
N/A 
0.466 
-0.591 
0.161 
 
-0.145 
-0.279 
-.0144 
 
0.241 
0.0994 
N/A 
26.18 
30.32 
N/A 
21.49 
-24.40 
7.83 
 
-6.64 
-10.71 
-5.10 
 
8.22 
2.67 
N/A 
2.428 
0.00398 
N/A 
0.0691 
0.0725 
0.0712 
 
0.108 
N/A 
-0.0205 
 
0.0201 
N/A 
0.000422 
32.06 
36.04 
N/A 
4.73 
1.67 
2.52 
 
2.36 
N/A 
-0.74 
 
0.72 
N/A 
0.53 
Number of observations (N) 
Log likelihood function (LL) 
Variance: 
Sigma-squared (v) 
Sigma-squared (u) 
Lambda (O) 
Sigma (V) 
2,480 
-1,192 
 
0.119 
0.681 
5.721 
0.691 
7,285 
-7,858 
 
0.711 
0.055 
0.078 
0.713 
1,305 
-1,694 
 
0.491 
0.298 
0.591 
0.572 
a,b,c,dsee to table 1. 
 
The distribution of actual transportation expenditure (TEs) and transport expenditure frontier 
(TEFs) are plotted in the Fig. 4. The distributions of TEs are directly obtained from data sets. 
Whereas, TEFs distribution are used expected value of estimated TEF for each of household life 
stages. It should be noted that since the variance of TEF is neglected, the distribution of TEF is 
smaller than the true variance. As illustrated in Fig. 4, distribution of TEs and expected TEFs 
provide coincide picture of differences among them corresponding to each household life stages. It 
displays that the overall mean of TEFs is larger compared to mean value of TEs. It is evident that 
people cannot spend their money for transportation expenditures. For instance, the mean value for 
single-person households whose income is the smallest among all life stages is 30.8 USD and 43.0 
USD for TE and TEFs respectively. The implication is that single-person households cannot spend 
almost 40% money for transportation expenditure. Similarly condition respect to other household 
categories. Especially, the families only with adults exhibit the greatest expected TEF compared to 
other life stages. The result showed the average TE and TEF for families only with adult about 56.9 
USD and 107.7 USD respectively. That is nearly double of TEF compare with to the actual 
transportation expenditure. Looking to other household life stages (childless-couple, families with 
pre-school, families with young children, and families with college children), the average value of 
TEFs are found to be at around 50% higher than their observed transportation expenditures. In the 
context of overall household life stages, larger amount of TEFs is found for single-person and 
family only with adults compared to other categories. The difference characteristics for each 
household life stages prospectively may due to the limitation of the money for their transportations 
or their life circumstances. Fig. 3 in the previous section shows that the household with single-
person don’t have enough income. Therefore, the household in earlier life stage may be saving the 
money for transportation expenditure. On the other hand, the Fig. 3 shows that the households with 
only adults tend to spend much money for transportation fee because of higher income. That is, 
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they can possibly spend much money for transportation in contrast to earlier life stages. Based on 
these findings, the reasonable explanation for the higher TEFs of families only with adults is that 
they have limitations which restrict them to spending money for transportation. The limitations 
may include time limitation.  
By estimating upper limit of monthly transport expenditures which is accomplished in this 
study, it would be helpful to preliminary investigate the mechanism of commuters spending their 
money for transportation expenditure in Jakarta CBD area. As being expected that mean value of 
actual expenditure for each a household life stage in Jakarta considerably less than estimated TEFs. 
These findings mean that people in Jakarta are saving their money for transportation expenditure or 
have limitations for spending the money for transportation expenditure. The money spending 
behaviour is different among life stage categories.  
 
Table 3. Transportation expenditure frontier model estimation 
Description of explanatory 
variables 
Families with young 
school children 
Families with 
college/university 
children 
Family only with adults 
Coefficient t-value Coefficient t-value Coefficient t-value 
Constant 
Household income 
Number of HH member 
Permanent housing dummya  
Car ownership dummy 
MC ownership dummy 
Social statusb: 
Student dummy 
Retired/Jobless dummy 
Tertiary education dummyc 
Householder’s occupationd: 
Professional occupation dummy 
Self-employed dummy 
O-D distance (km) 
2.499 
0.00429 
0.0636 
0.307 
-0.147 
0.158 
 
0.121 
-0.0937 
N/A 
 
0.0216 
N/A 
0.000373 
126.13 
108.64 
18.60 
25.06 
-10.02 
16.80 
 
12.27 
-3.57 
N/A 
 
2.38 
N/A 
1.32 
2.111 
0.00505 
0.0742 
0.268 
-0.208 
N/A 
 
-0.065 
-0.261 
-0.182 
 
0.089 
-0.206 
0.000909 
69.85 
101.19 
17.17 
20.16 
-10.15 
N/A 
 
-4.47 
-16.86 
-7.89 
 
4.32 
-8.39 
2.87 
3.056 
0.00423 
-0.038 
0.379 
-0.398 
0.164 
 
0.0163 
N/A 
0.0444 
 
0.0334 
0.213 
0.00350 
96.66 
144.97 
-6.96 
31.71 
-32.49 
23.87 
 
1.73 
N/A 
4.59 
 
3.63 
20.46 
2.32 
Number of observations (N) 
Log likelihood function (LL) 
Variance: 
Sigma-squared (v) 
Sigma-squared (u) 
Lambda (O) 
Sigma (V) 
13,500 
-10,500 
 
0.370 
0.633 
1.710 
0.734 
8,489 
-5,941 
 
0.481 
0.130 
0.271 
0.498 
22,385 
-17,411 
 
0.262 
0.799 
3.056 
0.841 
 a,b,c,dsee to table 1. 
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5. Conclusion 
The stochastic frontier model is governed to clarify how the household spends the money for transportation and 
how life stages and related attributes contributed to transport expenditure. The results is used to analysis and 
compare the behavior and characteristic transport expenditure among household life stage categories to 
acknowledge difference constraints of them. From the comparison analysis of TEFs, it was shown that considerable 
differences in average of TEFs among household life stages. The most significant household attributes with positive 
impacting TEFs are income, motorcycle ownership, occupation, and educational background, and O-D distances. 
Contrary, housing type, vehicle ownership, and retired/jobless social status are having negative impact to TEFs. The 
distribution showed that larger amount of TEFs is found for single-person and families only with adults compared to 
other categories. It is recognized that single-person household and families only with adults want to spend more 
amount of money for transportation expenditure. From these findings, we could know that people in earlier life 
stages are saving their money for transportation expenditure and people who have higher income have limitations 
for spending the money for transportation expenditure. The difference of money spending behaviour can be 
explained by the life stage categories.  
Although this study investigates upper limit of monthly transport expenditures, the study does not considered an 
individual level of attributes but rather than householder’s one. Therefore, it is contingency that transport 
expenditures likely to be potentially influenced by individual’s attributes and subjective judgment of their frontier, 
the explorations on individual level is recommended for upcoming studies.  
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 (d)  (e)     (f)   
Fig. 4. Distributions of transport expenditures (TEs) and transport expenditure frontiers (TEFs) for each life stage: 
(a) single-person; (b) childless-couple; (c) families with pre-school children; (d) families with young school 
children; (e) families with college/university children; (f) families only with adult 
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